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(71) WCj AlXMANNA SVBNSKA 

Elektriska AKTrEBOiAGET, a Swedisli com- 
pany, of Vasteras, Sweden, do hereby declare 
the invention, for which we pray timt a 
Patent may be granted to us, and the method 
by which it is to be performed, to be par- 
ticularfy described in and by the following 
Statement! 

This iixyentian relates to a fuel cell device. 

Air is a pardculady attractive oxidant for 
a fuel cell. This is of conise so for all fuel 
cell systems which operate in a free air fnUieUs 
for example traction systems snch as caxs, 
locomotives, trucks and stationary systems 
such as small power stations for telccomr 
ittunication links, beaconsL, buoys and auto- 
mailc weather stationsr When^^ a^ ig-Tised-^as 
oxidant the difficulty arises, especially for 
small fuel cell systems, of maiTit ainit^g the 
pressure difference between the air side and 
the electrolytE aide of the air electrode (which 
is aecessaiy so that the pores of the porous 
deccrode will not be completely filled with 
liquid and the electrode tfaeiefoie lose practic- 
ally all acdvhy) wiliiout the help of am^ 
sidiurable auxiliary power which is not con- 
veniently available in stnall systems. 

UsuaUy Ae electrode is made hydrophobic, 
which may be done, for example, by coating 
the pores with wax or paraffin or by adding 
polytetra&iorethylene particles to the powder 
from which the porous electrode is mantt> 
facturedL The electrolyte is thereby prevented 
from passing right through the electrode to 
the atmosphere and the menisci of the elec- 
trolyte assume . a position, of equilibrium, in 
the porous electrode. Dormg loi^ operations, 
however, difficulties often arise since the 
effect of the liydrophobic substance decreases 
(for example due to the ftnmation of pore 
coatings or chemical reactions) so that the 
electrode eventually Incomes completely 
filled with tile electrolyte. This 'fageing" 
phenomenon has been found to be particu- 
larly pronounced with the use of fuel, for 
example methanol, dissolved m the electrolyte, 
since ±e surface tension of the electrxilyte is 
then substantially reduced. An uodesiiable 
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effect is also obtained when hydrophobic 
material is used since the hydroiAobic 
material partly screens the catalyst surface, 
llie use of polytetrafiuorethylene as a hydro- 
phobic material also means that a lower sinter- 
ing temperature, must be used when the 
electrode is manufactured, which in turn 
means that the desired mechanical strength 
of tiie electrode cannot be achieved. 

The required pressure difference between 
the two sides of the air electrode to prevent 
total absorption of liquid can also be main- 
lined by supporting a capillary active mem- 
brane against the electrode on the electrolyte 
side. Such a membrane may consist, for ex- 
ample, of asbestos or some other porous 

mmm mmwG^^ piKiE in tus 

Wffjr the dcctrotyte is prevented "blotting 
paper effecf from penetrating tfirough the 
electrode. Even with this arrangement the 
capillary active effea may decrease widi long 
operating times for just those reasons dis- 
cussed for the case of hydrophobic electrodes, 
A disadvantage also arises with foel cells 
having circulating electrolyte in tiiat the elec- 
trolyte resistance increases strongly so that the 
flow of the electrolyte through the electrolyte 
chamber is grc;atly impeded. 

The present invention aims at providing a 
fuel cell system which is setf-^suffictent as far 
as its enei^gy requirements are concerned for 
a consideiSile time and which can operate 
for long periods without unfavourable altera- 
tions taking place in the electrodes. 

According to the present invention a fuel 
cell device comprises at least one fuel cell 
having a fluid electrolyte arranged in an 
electrolyte chamber, a fuel electrode arranged 
m conmct with the electrolyte and with the 
fuel of the fuel cell and an air electrode 
aiMiged m contaa witii tht electrolyte and 
with the atmosphere, the air electrode having 
(me side contacting die atmosphere and one 
side contacting the electrolyte and comprising 
at least two porous layers having different 
porosity, the layer situated nearest the elec- 
trolyte having finer pores than die layer 
situated nearest die atmosphere, the elec- 
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trolyte chamber being conneaed by an open- 
able and dosable conduit to an evacuated 
container which can be maintained at a prK- 
suie lower than atmospheric pressure by 

5 means of an evacuating pump connected to 
the container by an opcnable and closable 
conduit, the pump being arranged to be 
operated intermittently by electric energy 
generated in the fuel ceU, the dectroiyte bcmg 

10 arranged in an electrolyte circuit contamtDg 
an electrolyte storage vessel having a v^taj^ 
which is large in relation to that of the 
electro!]^ chamber. 
The pressure difference between the atmos- 

15 phere side and the electrolyte side necesswy 
for the function of the air electrode can be 
maintained for long periods (for example the 
time between two operations for si^plymg 
fuel using fuel dissolved in the electrolytB) if 

20 the evacuated container is made very large m 
lelation to the quand^ of gas entering mto 
the electrolyte chamber from outside. 

The intermittent operation of the evacuat- 
ing pump means diat only a very sn^ part 

25 of the electrical energy generoied in mejuel 
cell is used to maintaia the pressure differ- 
ence. The container can be evacoated durmg 
operation of the fial cell since it ts coimected 
to the fuel ceU by an openable and dosable 

30 tonduit. , . . 

As the electrolyte is aaanged m an eiec^ 
trolyte drcuit containing an electrolyte stor- 
age vessd, leneviral of the electrolyte in me 
fuel cell can be effected by drculation of ffie 

35 dectroiyte in the circuit whenever this is re- 
quiied. This is important particularly for niel 
cells employing fud dissolved in the de<> 
trolyte because the reserves of dectroiyte and 
fud can be so large that fresh fad does not 

40 need to be supplied until after a long period 
of. operation. . 

In the layer of the air electrode whtcfl is 
situated on the atmosphere side, diat is the 
layer widi die larger pore^ ^!?^J?°^ 

45 diameter is so large, preferably 10—100 /i, 
that a teladvdy low pressure difference can 
be used as the optimum operating pressure, 
for example 0.05—0.6 atm. and preferably 
0.1-^.4 atm. In the layer facing the dec- 

50 trolyte, thai is the layer with the finer P<«^ 
die diameter of the largest pores is V^^' 
ably 1—30 ^ By making die latter Uyar vradi 
a diickness of at feast 0^ mm and a largwt 
pore diameter whidi is smaller than the 

55 average poic diameter of die active layer, die 
risk of air bubbling dirougli to die electrolyte 
is practically non-existent at reasonable pres- 
sure differences. 
If a gaseous fuel, for example pure hydro- 

60 gen gas or a gas mixture containing hydrogen 
gas and, in addition, for example mtrogm 
^as or carbon dioxide gas arc added to the 
fud electrode, diis is also given mo porous 
layers, one facing die fuel side and provided 

65 widi larger pores and the other facmg the 



electrolyte side and provided with finer pores. 
For these two layers, pore diameters and 
thickness are chosen in accordance widi what 
has been stated for the corresponding layers 
in the case of an air dectrode. 70 

If a fud dissolved in the electrolyte is used 
die fud electrode need not, of course, consist 
of two layers. It is then made porous to a 
suitable extent and consists preferably of only 
one layer. Suitable fuds which can be used 75 
dissolved in the preferably alkaline electrolyte 
are among others methanol, other low mono- 
functional alcohols, glycol, formic acid, a 
formate or hydrazine. Methanol, formic add 
or a formate are particularly preferred for 80 
economic and practicd reasons. 

The electrolyte preferably consists of an 
alkali metal hydroxide such as an aqueous 
solution of potassium hydroxide containing 

1 35 per cent by vrcight of the hydroxide. 85 

The invention will now be furdier des- 
cribed, by way of example with reference to 
the accompanying drawing, in which: — 

Figure 1 illustrates a fud cell device 
according to the invention employing a fuel 90 
dissolved in the dectroiyte and. 

Figure 2 illustrates a fud cell device 
according to llie invention en^loying a gase- 
ous fud. oc 
Referring to Figure 1 a fud cdl 1 has a so 
fud electrode 2 and an air electrode 3. The 
fud dectrode 2 consists of a porous plate of 
sintered nickd particles. On the dectrode and 
in its pores, ^rfiicfa have an average diameter 
of 10 ft, is a coating f^^rx^ of a mixtiire 100 
of palladium, platinum and ruthenium. The 
platinum metals may be applied in a quantity 
of 0.01 — S per cent, for example 0.5 p& cent, 
of the wd^ of the dectrode. The tfaicfaiess 
of the plate is about 1.5 mm. 

The air dectrode 3 consists of an active 
layer 4 for the dectrode reaction, havmg 
larger pores and an inactive layer 5 with 
smaller poies. The active layer 4 consists of 
a mixtore of silver and nidad partidcs 110 
sintered tdgedier, in wfaidi the silver ap- 
prises 40 per cent by wdght and the mckd 
60 per cent h7 wdght The average diameter 
of the pores is about 35 .u and the thickness 
of the layer is about 1.5 mm. The mactive 115 
layer 5 consists of m'ckd particles which have 
been compressed and then sintered on die 
laver 4. The diameter of die largest pores in 
this layer is about 10 u and the thickness of 
die layer is about 0.4 nun. 120 

An dectrolsrte 7 arranged in an dectroiyte 
chamber 6 consists of an aqueous solution of 
potassium hvdroxide containing 20—25 per 
cent by wdght KOH. The electrolyte also 
contains methanol or formic add, which 125 
forms die fud of die fud cell, in a percentage 
of 10% calculated on the total wdpht of 
water, potassium hvdroxide and methanol. 
The elKtrotyte on both sides of the fud 
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electitode 2 . ccaxtact thiougb. the pores 
of Ae 'electrode, 

1^ air elcfrtr^ is in contaa with the 
atm^phere otiiisidd^^^^^^ 

5 Ilie ::ekci*^^ 6 .is mjcoutact 

through cdndiiits 8 1^ 9, the kttei- conr 
tainiiig; a puinp 10, with a storage .11 
cptttainih^vaectrblyte and methanol or^fonnic 
add dissolved tibreini With the help of die 

10 pump the electrolyier can be drcijat&^^^^^i^ the 
closieil circuit fonned. By making the yohmie 
of & stic^Tige ve^ in relation to the 

volmiK of die electrolyte chamber, the fuel 
cell can be ^fcept in operation for a long time 

15 without .renewal of me or supply 

of ftesh fuel 

The electrolyte chamber 6 is connected to 
an evacuated container 12 by a conduit 13 
containing an ppenable and dosable valve 14. 

20 A chamber 16 above the liqmd m tb^ 
stoxa^ vessel 11 is in oomnnjmcatiQn ^ihrongh 
a conidntt 15 and the conduit 13 with a gas 
chamber 17 above the liquid in the electrolyte 
chamber 6. The piessnrc difference across 

25 the air electrode 3 can be read on a pressure 
gauge 18 which is conuected to the conduit 
13 by a conduit 19* The container 12 is 
provided with a conduit 20 at the bottom 
containing a valve 21 for removal of con- 

30 dcnsed products which may be formed 

The contamer 12 can evacuated, to a 

...^'S^B^t^^l^SS^PSS^^JS^M^^^ 

above toe dectxo]^ by a pump 22 which 
is in commimfcation widi the oondait 13 

35 tfatjyofi^ a conduit 23 and an openable and 
dosabie valve 24. The pump 22 is powered 
by energy generated in the fuel ceU, a driving 
motor 32 for the pump being cotmected to 
a storage battety 33 which is charged by the 

40 fuel cdL When the evacuation is coiispleted, 
the valve 24 is dosed and the valve 14 
opened, if it has not already been opened 
during the latter part of the evacuation. The 
pressure in the container 11, the electrolyte 

45 chamber 6 and the container 12 is therefore 
equalised. If the container 12 has a large 
vohime in relation to the gas chamber in the 
electrolyte chamber 6, the fuel cell may 
operate for a long tune before reevacoatf on is 

50 necessary. Reevacoation of the container 12 
may occisr not only in connection with ex- 
changing the electrolyte and fuel, but also 
during operation. 

If the pressure gauge 18'is arranged in an 

55 ekccric control circuit in such a way that at 
certain pressures in tte electroljrte chamber a 
signal is emitted to the motor 32 of the 
vacuum punq> 22, and to the valve 24, so 
that the pump 22 is started and the valve 24 

60 is opened at a first pressure and the pnmp 
22 stopped and the valve 24 closed when 
the xeqtdxed vacuum has been achieved, the 
device shown in Figure 1 can be mBdc to 
operate automadcally. The signal from the 

65 pressure gauge 18 is also arranged to in- 



fluence the yalvE 14 so tlwt this is dosed 
at ' the . presj^^ imd. rcc^^ 

wben^ythe^ coirtamiM^ 

In the device ^town in Figure 2 (in^ which 
the same refean^ i jq 

. have ■ bi^en iias«d to dcfigMte • ihtc^srs common 
to iljjjai Figares), ;a^^^^ decide '2^^ 
of a porous layer 26 of tbe^^^ as 
is wplpyed fpr th^^ and 
having the same pore structure 4 75 

m the devire shown in iRigure 1. ti^ 
layer is anrangcd a layer 27 with finer pores. 
This r kyer 2^^^ ia-# die same Atype as the 
layer 5^^n 4"*^ a^^^ 

1 . Outside die ftad etectrode. £3 a gas chamber $0 
28 which is siqjphed with a jafasebus fuel at 
atmospheric pressure^ for exampk hydrogen 
gas, from a contamer (not shown ih di draw- 
IngX throu^ an inlet 29. Unconsun^d gas at 
titt;fiid el<S^ tiirpugjl an outlet 30. 85 

An ele^^ Chamber 31 is in its enturety 
sctuatsd between the fiiel dectnxte 25 and 
the air dectrode 3. Bvacuation of die con- 
tainer 12 is carried out in the same vray as 
has been described with reference to Figure 90 
1, as is also the adiievement of the required 
difference pressure across die two electrodes. 

The acdve l^reis 2 and 26 of the fud 
dectrodes, may be of other metals than nickd 
such as cobalt and iron activated with 95 
pladnum metals, or for example, a Raney 

n^talsudi^as^Baney^cobak^or^Kaney^nickel, 

in which case the dectrode material usually 
contains a carrier material such as nid^d or 
cobalL 

Instead of employing a mixture of nickel 
and silver for die active layer 4 of the air 
dectrode, silver, platinum, paDadinm, 
platinfum-plated c^bon at manganese dioxide, 
may for exaniple^ be used. 105 

The inactive l^^ers 5 and 27 nuiy, in place 
of the exen4>lified material, consist of a 
ceramic materuLl such as ainnitnfiim oxide;, 
aluminium silicale, zirconium oxide or 
thorium oxide. 2IO 

WHAT WE CLAIM IS: — 

1. A fud cell device oomprismg at least one 
fud ceU having a fluid elecunolyce arranged 
in an dectrolytie chansber, 3 fad dectrode 
arranged in contact with die electrolyte and 115 
with the flier of the fud cdi and an air 
dectrode arranged in contact with the elec- 
trolyte and with the atmosphere^ the anr dec- 
trode having one side contacting the atmos- 
phere and one side contacting the dectrolyte 120 
and compising at least two porous I^irs 
having different jKjrosity, the Layer situated 
nearest the electrolyte having finer pores than 
the layer situated nearest the atmosphere, die 
dectrolyte chamber being connected by an 125 
openable and dosable conduit to an evacuated 
container which can be maintained at a pres-> 
sure lower than atmospheric pressure by 
means of an evacuating pump connected to 
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the container by an openable and dosaWe 
conduit, the pump being arranged to be 
operated intermittently by dcetric energy 
gtticrated in Ae fuel ceU, the electrolyte bemg 
arranged in an electrolyte circuit contammg 
an electrolyte storage vessel having a volume 
which is large in relatbn to that of the 
electrolyte chamber. , . ^ 

2 A fuel cell device accoramg to dami 1, 
in which the fuel is dissolved m the dec- 

^S^A fuel cell device according to claim 1 
or 2, in which the fuel consists of methanol 

4. A fuel cell device according to claim 1 
or "2, m which the fuel consists of formic 
add or a formate. 

5 A fuel cell device according to clami 1, 
in yOudi die fnd is gase ous, the fuel electrode 



having one side facing the fuel and one side 
facing the electrolyte and the fuel electrode 
comprising at least two porous iayeis with 
different porosity, the layer situatcxi nearest 
the electrolyte side having finer pores than the 
layer situated nearest the fuel side. 

6. A fuel cell device substantially as here- 
inbefore described with reference to, and as 
illustrated in, Figme 1 or Figure 2 of the 
accompanying drawing. 

J. Y. & G. W. JOHNSON, 
Fnmival House, 
14—18, High Holbom, 

London, W.C.I., 
Chartered Patent Agents, 
Agents for the Applicants. 
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1273045 COMPLETE SPECIFICATION 

I cuccr drawing is a reproduction of 

i SHEbr jjjg Original on a reduced sca/e 




